NONAQUEOUS ELECTROLYTE SECONDARY BATTERY 

FIELD OF THE INVENTION 
[0001] The present invention relates to a nonaqueous electrolyte 
secondary battery comprising a positive electrode, a negative 
electrode including a graphite as a negative electrode active 
material, and a nonaqueous electrolyte. Especially, the invention 
relates to a nonaqueous electrolyte secondary battery having 
improved cycle life and output characteristics at a high rate when 
a graphite is used as the negative electrode active material. 



BACKGROUND OF THE INVENTION 
[0002] A nonaqueous electrolyte secondary battery having high 
electromotive force that comprises a nonaqueous electrolyte and 
utilizes oxidation and reduction of lithium has recently been used 
as one of new type high output and high energy density batteries. 



[0003] In such nonaqueous electrolyte secondary batteries, a 
carbon material such as graphite, coke, and the like, capable of 
occluding and releasing lithium ion is commonly used. When high 
crystalline graphite is used, a nonaqueous electrolyte secondary 
battery having high energy density can be provided. Therefore, 
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such graphite has recently been widely used. 

[0004] It has been proposed that a vinylene carbonate derivative 
is added to the nonaqueous electrolyte in a nonaqueous electrolyte 
5 secondary battery comprising a graphite as the negative electrode 
active material to improve cycle characteristics (Japanese Patent 
Laid-open No. 8-45545) . 

[0005] It is believed that a vinylene carbonate derivative is 
10 reduced during the initial charge of the battery in which the 
graphite is used as the negative electrode active material to form 
a surface film on a surface of the negative electrode active 
material. The surface film prevents a side reaction, for example, 
decomposition of the nonaqueous electrolyte, and the like, to 
15 improve the cycle life of the battery. 

[0006] However, there is a problem that the surface film formed 
on the surface of the negative electrode active material reduces 
output characteristics when the battery is discharged at high 
2 0 current . 
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nR.TRC.T OF THE: INVENTION 
[0007] The present invention provides a solution to the problem 
described above in a nonaqueous electrolyte secondary battery 
comprising a positive electrode and a negative electrode which 
includes graphite as a negative electrode active material. 



[0008] Stated differently, the present invention intends to 
prevent deterioration of output characteristics at high current 
caused by a surface film formed on the surface of the negative 

10 electrode active material and to obtain a nonaqueous electrolyte 
secondary battery having excellent cycle life and output 
characteristics by addition of a cyclic carbonic ester having a 
carbon-carbon double bond, for example, vinylene carbonate, and the 
like, to the nonaqueous electrolyte in the battery which includes 

15 graphite as the negative electrode active material. 

SUMMARY OF THE IN VENTION 
[0009] A nonaqueous electrolyte secondary battery of the present 
invention includes a positive electrode, a negative electrode 
20 comprising a graphite as a negative electrode active material, and 
a nonaqueous electrolyte comprising at least a saturated cyclic 
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carbonic ester and containing a cyclic carbonic ester having a 
carbon-carbon double bond such that, when a content of the cyclic 
carbonic ester having a carbon-carbon double bond is x (g) , a 
content of the graphite in the negative electrode is B (g) , a 
specific surface area of the graphite is A (m 2 /g) , a size of the 
crystallite of the graphite in a direction of the c axis is Lc, and 
a size of the crystallite of the graphite in a direction of the a 
axis is La, a condition expressed by 

0.05 x 10- 2 <. x / [A x B x 2LC / (2Lc + La) ] * 3 x 10 2 
is satisfied. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0010] Fig. 1 is a cross section of the nonaqueous electrolyte 
secondary battery prepared in the Examples and Comparative 
Examples . 

Fig. 2 shows relationships of t=x/ [A x B x 2Lc/ (2Lc + La)] and 
output current, I 2 . 7 sv 
[Explanation of elements] 

1: positive electrode 
2 : negative electrode 
3 : separator 
4 : battery can 
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t, 

5 : positive electrode lead 

6: positive electrode external terminal 

7: negative electrode lead 

8: insulation packing 



DETAILED EXPLANATION OF THE INVENTION 
[0011] The cyclic carbonic ester having a carbon- carbon double 
bond included in the nonaqueous electrolyte is reduced during the 
initial charge to form a surface film on a surface of the negative 
electrode active material. The surface film inhibits a side 
reaction of decomposition of the nonaqueous electrolyte to improve 
cycle life. 



[0012] When graphite is used as the negative electrode active 
material, occluding and releasing of lithium ions are performed on 
edge planes of the graphite. Therefore, if the surface film formed 
on the edge planes is too thick, occluding and releasing of lithium 
ions on the edge planes are prevented and output characteristics at 
a high current are reduced. 

[0013] When x/ [A x B x 2Lc/ (2Lc + La)] is represented by w t" , if 
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"t" is in a range of 0.05 x 10" 2 and 3 x 10" 2 , the thickness of the 
surface film formed on the edge planes is suitable and 
deterioration of output characteristics is prevented and cycle life 
is improved. 

[0014] In the above -described expression, 2Lc/ (2Lc + La) 
represents a ratio of edge planes area of the graphite to the 
surface area of the graphite, A x B x 2Lc/ (2Lc + La) corresponds to 
an area of the edge planes relative to the entire amount of 
graphite in the negative electrode. When an amount of the cyclic 
carbonic ester having a carbon-carbon double bond (x) added to the 
nonaqueous electrolyte is adjusted relative to the area of the edge 
planes of the entire amount of graphite to bring "t" in a range of 
0.05 x 10 2 - 3 x 10 2 , a suitable surface film thickness is formed 
on the edge planes to improve the cycle life of the battery and to 
prevent deterioration of output characteristics at a high current. 

[0015] If w t" is smaller than 0.05 x 10" 2 , the surface film 
formed on the edge planes of the graphite is too thin to 
sufficiently prevent decomposition of the nonaqueous electrolyte 
during charge and discharge and cycle life is reduced. However, if 
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"t" is more than 3 x 1CT 2 , the surface film formed on the edge 
planes of the graphite is too thick, and output characteristics at 
a high current are deteriorated. 

[0016] As the graphite of the present invention, it is 
preferably to have a spacing of the 002 plane (d 002 ) obtained by X- 
ray diffraction analysis in a range of 0.335 - 0.338 nm, and a size 
of the crystallite in the direction of the w c" axis (Lc) of at 
least 30 nm. The graphite can be coated with an amorphous carbon 
material . 

[0017] If a graphite having a ratio (Iuo/Iooa) of P eak strengths 
of the 002 plane (I 002 ) and the 110 plane (I 110 ) in a range of 5 x 10" 
3 - 15 x 10 3 obtained by X-ray diffraction analysis is used as the 
graphite, discharge characteristics are further improved. 

[0018] A graphite having R (I D /I G ) obtained by Raman spectrometry 
in a range of 0.15 ~ 0.7 is preferably used. 

[0019] R(I D /I G ) is a ratio of a peak strength at 1360 cm 1 (I D )to 
a ratio of a peak strength at 1580 cm" 1 (I G ) obtained by Raman laser 
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spectroscopic analysis. The peak at 1580 cm" 1 is obtained from 
stacking structure having hexagonal symmetry close to a graphite 
structure, and the peak at 1360 cm" 1 (I D ) is obtained from an 
amorphous structure. As R(I D /I G ) becomes larger, the ratio of 
amorphous parts on the surface of the graphite becomes greater. 
When crystallinity on the surface of the graphite is small, a 
uniform surface film having excellent mobility of lithium ion can 
be formed by the cyclic carbonic ester having a carbon-carbon 
double bond included in the nonaqueous electrolyte. If R(I D /I G ) is 
at least 0.15, excellent low temperature characteristics are 
obtained. However, if R(I D /I G ) is greater than 0.70, the surface 
of the graphite is a very amorphous structure and charge and 
discharge efficiency is deteriorated. 

[0020] As the cyclic carbonic ester having a carbon-carbon 
double bond, vinylene carbonate, 4,5-dimethyl vinylene carbonate, 
4,5-diethyl vinylene carbonate, 4,5-dipropyl vinylene carbonate, 4- 
ethyl - 5 -methyl vinylene carbonate , 4 - ethyl - 5 -propyl vinylene 
carbonate, 4 -methyl -5 -propyl vinylene carbonate, vinylethylene 
carbonate, and the like can be illustrated. A cyclic carbonic 
ester having a carbon-carbon double bond in a ring, especially 
vinylene carbonate, is preferable for obtaining a uniform and 
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stable surface film having excellent mobility of lithium ions on 
the surface of the graphite. 

[0021] As the saturated cyclic carbonic ester, ethylene 
carbonate, propylene carbonate, butylene carbonate, and the like, 
can be used alone or in combinations thereof. Especially, 
ethylene carbonate, propylene carbonate and a mixed solvent of 
ethylene carbonate and propylene carbonate is preferable. A 
concentration of the saturated cyclic carbonic ester is preferably 
in a range of 10-70% by volume in the nonaqueous electrolyte 
solvent . 

[0022] In the nonaqueous electrolyte secondary battery of the 
present invention, a chain carbonic ester may be included in the 
nonaqueous electrolyte to reduce viscosity of the nonaqueous 
electrolyte and to improve discharge characteristics at room 
temperature or a low temperature. As the chain carbonic ester, 
dimethyl carbonate, ethyl methyl carbonate, diethyl carbonate, 
methyl propyl carbonate, ethyl propyl carbonate, methyl isopropyl 
carbonate, and the like, can be used alone or in combinations 
thereof . 
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[0023] A conventional nonaqueous electrolyte used for a 
nonaqueous electrolyte secondary battery can be added to the 
nonaqueous electrolyte. As the additional nonaqueous electrolyte, 
esters, for example, methyl acetate, ethyl acetate, propyl acetate, 
methyl propionate, ethyl propionate, y-butyrolactone, and the like; 
ethers, for example, tetrahydrofuran, 2 -methyl tetrahydrofuran, 
1,4-dioxane, 1, 2 -dime thoxye thane, 1, 2 -diet hoxye thane, and the like; 
nitriles, for example, acetonitrile, and the like; and amides, for 
example, dimethyl formamide, and the like, can be used. 

[0024] A known solute can be used as the solute to be dissolved 
in the nonaqueous electrolyte. A lithium compound, for example, 
LiPF 6/ LiAsF 6 , LiBF 4 , LiCF 3 S0 3 , LiN (C 1 F 21+1 S0 2 ) (C m F 2m+1 S0 2 ) (wherein 1 
and m are integers of 1 or greater) , Lie (C p F 2p+1 S0 2 ) (C q F 2q+1 S0 2) 
(C r F 2r+1 S0 2 ) (wherein p, q and r are integers of 1 or greater) , and 
the like, can be used alone or in various combinations thereof. A 
concentration of the solute is preferably in a range of 0.1 ~ 1.5 
mol/0, more preferably in a range of 0.5 ~ 1.5 mol/0. 

[0025] As a positive electrode active material in the nonaqueous 
electrolyte secondary battery of the present invention, a 
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transition metal oxide including lithium, for example, lithium 
cobalt oxide (LiCo0 2 ) , lithium nickel oxide (LiNi0 2 ) , lithium 
manganese oxide (LiMn 2 0 4 ) , and the like, can be used. If a mixture 
of a lithium-manganese composite oxide having a spinel structure, 
and represented by the formula Li x Mn 2 _ yl Ml y2 0 4+z (wherein Ml is at 
least one element selected from the group consisting of Al, Co, Ni, 
Mg and Fe, x is 0 <; x <; 1.5, yl and y2 are 0 <; yl * 1 . 0 and 0 <s y2 
<; 0.5, respectively, and z is -0.2 <; z <> 0.2) and lithium-nickel - 
cobalt -manganese composite oxide represented by the formula 
Li a Ni b Co c Mn d 0 2 (wherein aisOsasl.2, and b+c+d=l) is used, 
output characteristics of the nonaqueous electrolyte secondary 
battery are improved. If the lithium-manganese composite oxide and 
lithium-nickel -cobalt -manganese composite oxide are mixed in a 
ratio by weight of 20:80 - 80:20, the output characteristics are 
further improved. 



DESCRIPTION OF PREFERRED EMBODIMENTS 
[0026] [Example] 

Examples of a nonaqueous electrolyte secondary battery of the 
present invention are described below and are compared with those 
of comparative examples to show that an excellent cycle life is 
obtained and discharge characteristics at high rate discharge are 



also improved. It is of course understood that the present 
invention is not limited to these embodiments and that the present 
invention can be modified within the scope and spirit of the 
appended claims . 

[0027] (Example 1) 

In this Example, a cylindrical nonaqueous electrolyte 
secondary battery as shown in Fig. 1 was prepared using a positive 
electrode, a negative electrode and a nonaqueous electrolyte as 
described below. 



[0028] [Preparation of Positive Electrode] 

LiCo0 2 powder was used as a positive electrode active 
material. LiCo0 2 powder, carbon powder as a conductive agent, and 
polyvinyl idene fluoride as a binder in a ratio by weight of 90:5:5 
were mixed to prepare a positive electrode material mixture. N- 
methyl- 2 -pyrrol idone was added to the positive electrode material 
mixture to prepare a slurry. The slurry was coated on both sides 
of a positive electrode current collector of an aluminum foil and 
dried in a vacuum, and the combination was press rolled, and cut 
into a desired size to prepare a positive electrode. 
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[0029] [Preparation of Negative Electrode] 

A natural graphite powder having a size of the crystallite in 
the a direction (La) of 220 nm and a size of the crystallite in the 
c direction (Lc) of 220 nm so that 2Lc/(2Lc + La) =0.67, and a 
specific surface area (A) of 5.0 m 2 /g was used as a negative 
electrode active material. The sizes of the crystallite were 
measured by a method provided by Committee 117 of the Japan Society 
for the Promotion of Science (INAGAKI, Michio, Tanso, 1963 [36] , 
25) . 

[0030] The natural graphite powder, styrene -butadiene rubber as 
a binder and carboxymethylcellulose were mixed at a ratio by weight 
of 98:1:1 to prepare a negative electrode material mixture. Water 
was added to the mixture to prepare a slurry. The slurry was 
coated on both sides of a negative electrode current collector of 
a copper foil and dried in a vacuum, the combination was press 
rolled and cut into a desired size to prepare a negative electrode. 
The amount (B) of the natural graphite powder in the negative 
electrode was 6 g. 

[0031] [Preparation of Nonaqueous Electrolyte] 
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Ethylene carbonate which is a saturated cyclic carbonic ester 
and diethyl carbonate which is a chain carbonic ester were mixed in 
a ratio by volume of 30:70. After lmol/fi Lithium 

hexafluorophosphate (LiPF 6 ) was dissolved in the mixture, 0.17 g 
(x) of vinylene carbonate which is cyclic carbonic ester having a 
carbon- carbon double bond was added to prepare a nonaqueous 
electrolyte. 

[0032] [Assembly of Battery] 

A fine porous film of polypropylene as a separator 3 was 
inserted between the positive electrode 1 and the negative 
electrode 2 prepared above and was rolled spirally, and was placed 
in a battery can 4 as shown in Fig. 1. The nonaqueous electrolyte 
prepared above was poured into the battery can 4 and the can was 
sealed. The positive electrode 1 was connected to a positive 
electrode external terminal 6 through a positive electrode lead 5, 
and the negative electrode 2 was connected to the battery can 4 
through a negative electrode lead 7. The battery can 4 and 
positive electrode external terminal 6 were electrically insulated 
by an insulation packing 8 to prepare a cylindrical battery having 
an outer diameter of 18.0 mm and a height of 65.0 mm. 
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[0033] t = [A x B x 2Lc/(2Lc + La)] was calculated as t = 0 . 8 x 
10 -2 as shown in Table 1. 

[0034] (Example 2) 

A battery of Example 2 was prepared in the same manner as in 
Example 1 except that 0.47 g (x) of vinylene carbonate was used, 
"t" of the battery of Example 2 was 2.2 x 10" 2 as show in Table 1. 

[0035] (Comparative Example 1) 

A battery of Comparative Example 1 was prepared in the same 
manner as in Example 1 except that vinylene carbonate was not added 
to the nonaqueous electrolyte. w t" of the battery of Comparative 
Example 1 was 0 . 

[0036] (Comparative Example 2) 

A battery of Comparative Example 2 was prepared in the same 
manner as in Example 1 except that 0.85 g (x) of vinylene carbonate 
was used. u t" of the battery of Comparative Example 2 was 4.0 x 

10~ 2 as show in Table 1. 

[0037] Each of the batteries of Examples 1 and 2 and Comparative 
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Examples 1 and 2 was charged to 4.2 V at a current of 1200 mA and 
charging was continued at a constant voltage of 4.2 V for a total 
of 2.5 hours charge, and then was discharged to 2.75 V at a 
constant current of 400 mA. Battery capacity (Q) of each battery 
was measured. Each battery had a battery capacity of about 1600 
mAh. 

[0038] After each battery was charged for a total of 2 . 5 hours 
as described above, the battery was discharged to half of the 
battery capacity (Q) to prepare three batteries of each of Examples 
1 and 2 and Comparative Examples 1 and 2 having 50 % depth of 
discharge. The batteries were discharged at a discharge current 
(I) of 1200 mA, 2400 mA and 4800mA for ten seconds to measure 
battery voltages (V) . 

[0039] I-V characteristics of the batteries of Examples 1 and 2 
and Comparative Examples 1 and 2 were evaluated from discharge 
current (I) and battery voltage (V) . A resistance (R) of each 
battery was obtained from a slope of an obtained straight line. V 0 
of each battery was calculated from the following expression. The 
results are shown in Table 1. 
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[0040] V=V 0 -RI 



[0041] An output current I 2 . 75V of each battery when each battery 
was discharged at 2.75 V was calculated by the following expression 
using R and V 0 obtained above. The results are shown in Table 1 
and Fig . 2 . 



[0042] I 2 . 75V = (V 0 " 2.75) /R 



[0043] 

Table 1 





t 


R 

(Q) 


V 0 
(V) 


1 2 .75V 

(A) 


Example 1 
Example 2 


0.8 x 10" 2 
2.2 x lO- 2 


0.0977 
0.1005 


3.825 
3 .825 


11.0 
10.7 


Comparative Example 1 
Comparative Example 2 


0 

4.0 x 10" 2 


0.0936 
0.1193 


3.826 
3 .824 


11.5 
9.0 



[0044] As is clear from the results, the batteries of Examples 

1 and 2 having «t" in a range of 0.05 x 10 2 - 3 x 10 2 have greater 
output current, I 2 . 75V , than the battery of Comparative Example 2. 
That is, output characteristics of the batteries of Examples 1 and 

2 were improved. 
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[0045] The battery of Comparative Example 1 in which vinylene 
carbonate was not added to the nonaqueous electrolyte has a large 
I 2 75V , but cycle life is significantly small as compared to the 
batteries of Examples 1 and 2, and Comparative Example 2. 

ADVANTAGES OF THE INVENTION 
[0046] A nonaqueous electrolyte secondary battery of the present 
invention comprising a negative electrode in which graphite is a 
negative electrode active material includes a cyclic carbonic ester 
having a carbon-carbon double bond in a nonaqueous electrolyte 
which forms a surface film on a surface of the negative electrode 
active material and the surface film inhibits a side reaction of 
decomposition of the nonaqueous electrolyte to improve cycle life. 

[0047] In the present invention, a suitable thickness of surface 
film is formed on edge planes of the graphite to make it possible 
to improve output characteristics at a high current without 
deterioration of cycle life. 
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